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CERTAIN RESULTS OF OBSIBVATIONS TAKEN 

DURING TEE SPACE FLIGHIl OF THE 

VOSKEIOD 

K. Feoktistov, G. Rozenberg, A. Sandomirskiy, 
V .  Sergeyevich and D .  Sonechkin 

ABSTRACT 

Observations performed by the  crew of t h e  Voskhod com- 

p le ted  e-qeriLment.s begm on t h e  Vestcks - 

s u l t s ,  both photographic and v isua l ,  are discussed. 

,Prplirni,z?ary r e -  

1. Daylight Study of t h e  Structure  of t he  Aureole Surrounding the  Earth 

I n  t h e  blue region of t he  spectrum, studied by colored f i l t e r s ,  tropos- 

pheric nebulosity has l i t t l e  influence on the  s t ruc tu re  of t h e  apparent out- 

l i n e  of t h e  Earth. A maximum of brilliance i s  observed i n  a region near  t h i s  

border. The existance of t h i s  maximum conforms t o  theory. 

Figure 3 shows a photO&ic sect ion of t he  d iu rna l  horizon, with t h e  

perigee shown i n  abscissa and t h e  b r i l l i ance  on t h e  ordinate. can n o t g  t h e  

?b$- character of the  decrease i n  b r i l l i ance  i n  a region corresponding t o  

the-apparent op t i ca l  edge of t h e  Earth,  more elevated than the  t r u e  geometrical 

horizon. The a l t i t u d e  of t he  apparent edge i s  a function of meteorological 

conditions and of t h e  considered spec t ra l  region. This i s  xhy, v i sua l ly ,  t he  

aureole gradually changes color ,  passing from white near Earth t o  blue a t  

high a l t i t udes ;  it can be observed t o  an a l t i t u d e  of approximately 30 km. 



However, t h i s  average e f fec t  i s  perturbed, as was revealed by t h e  f l i g h t  

of the Voskhod, by the  presence of atmospheric aerosols,  which are observed as 

c l ea r  t j tr ips p a r a l l e l  t o  t he  horizon. 

Figure 4 shows three schematic drawings of t h e m -  ef var ia t ions  of 

b r i l l ance  with a l t i t ude .  

Altitude x, above t h e  geometrical horizon, i s  of t h e  order of 10 km. Al t i tudes 

z, above t h e  op t i ca l  horizon, a r e  given i n  km. 

2. 

One, two, or three aerosol  layers  are observed. 

The Structure  of t he  Aureole on the Twilight ,$ide. 

When the  spacecraft  i s  wi th in  the Ear th ' s  umbra ( f i g .  5.)  su f f i c i en t ly  

near t h e  terminator,  l igh ted  atmospheric layers  are observed t o  high altitudes. 

Light diffused by t h e  layers  crosseslower layers  before reaching the  observer; 

i n  these layers  it undergoes a subs tan t ia l  lessening due t o  d i f fus ion .  Then 

the re  e x i s t s  an aureole which passes in shades from a very c l ea r  edge ( f ig .  6).  

ID. t h e  upper p a r t s  of t h e  aureole, as was a h f ! - c ; p & t e A  from theory, t h e  

b r i l l i a n c e  diminishes monotonically. 

It does so c lear ly ,  along the  edge, t he  f a r t h e r  t h e  observer moves from t h e  

meridian i n  which the  Sun i s  located. All of which i s  a r e s u l t  of t h e  combined 

e f f e c t s  of anisotropy of digfusion, very s t rong f o r  small d i f fus ion  angles, 

and of var ia t ion  of t h e  op t i ca l  thickness of t h e  layer  responsible f o r  t he  

ex t inc t ion ,  with t h e  d i rec t ion  of s ight .  

Ver t ica l  photometric sect ions of t he  twi l igh t  aureole are given i n  figure 7. 

Different  c u v e s  correspond t o t h e  various azimuths given i n  figure 6. 

law, i n  h 
color of t he  aureole conform t o  the  qua l i ta t ive  prcdic+'aps which can be made, 

The Rayleigh 
-4 
, makes t h e  low layers  p rac t i ca l ly  opaque i n  blue. Observations of the  

considering the  e f fec ts  of Rayleigh diffusion.  

of change of color with a l t i t u d e  H. 

Figure 8 sh0w.s i n  color  t h e  degree 
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The t h i n  aerosol layers  p a r a l l e l  t o  t he  horizon are c lear ly  observed, both 

from t h e  Vostoks as well as the  Voskhcds. This i s  due t o  t h e  f a c t  t h a t ,  contrary 

t o  observations made from E a r t h ,  tl?i&& layers  l i e  tangent ia l ly ,  with great op t ica l  

thickness.  

I n  the  region between 20 and 25 km, generally two aerosol layers  are  observed, 

a t  c lose a l t i t udes  of 11 and 19 Inn. 

Observations show t h a t  the  particles composing the aerosols have dimensions 

exceeding the  wavelengths of observed rays. 

lished by other authors. 

3. Nocturnal Horizon of t he  Earth. 

This result agrees with those pub- 

When the  spacecraft  i s  on t he  nocturnal s ide  of the  Earth, a s l i g h t  maximum 

of b r i l l i a n c e  i s  observed a t  2.5 - 3 from the  edge. This e f f e c t ,  discovered by 

Glenn, has been observed by various astronauts,  and observations from Voskhod 

have confirmed it again. 

case5 of nebulosity).  

0 

It i s  shown i n  diagram i n  f igure  10 ( f o r  d i f f e ren t  

Discussion of t he  observations shows t h a t  t he  phenomenon,whoee physical 

or igin i s  s t i l l  mknown, takes place i n  r e l a t i v e l y  th in  layers .  

Certain ver-{$-;caf;~r.s appear t o  ind ica te  t h a t  it i s  not an ac tua l  atmos- 

pheric emission but a diffusion,by an aerosol layer ,  of lunar l i g h t .  

The layer  considered has been observed c l ea r ly  i n  t h e  Southern hemisphere 

rbn a polar  aurora. 

It disappeared j u s t  before daybreak, and i s  inv i s ib l e  a f t e r  sunrise .  

4. Luminous p a r t i c l e s  Observed Behind t h e  Spacecraft 

G. Glenn was f i rs t  t o  observe the presence of luminous pa r t i c i e s  behind the  

Observed by other astronauts,  these p a r t i c l e e  were a l so  seen by the  spacecraft .  

voskhod. 
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These observations led t o  the following conclusions: 

The p a r t i c l e s  e x i s t  object ively and are  caused by the  spacecraft .  The l i gh t  

t h a t  they emit comes from the  diffusion of so la r  l i g h t ,  e i t h e r  d i r ec t  o r  re f lec ted  

by Earth (or the  c r a f t ) .  Thei r  dimension i s  of the  order of 10 i f  the  albedo i s  P (  
0 .2 ) .  

After separation from the  c r a f t ,  they follow rts t ra jec tory  ( thus indicat ing 

l i t t l e  outside act ion) .  

It i s  d i f f i c u l t  t o  comment on t h e i r  nature. It i s  possible t h a t  they a re  

pa r t i c l e s  04 Z w t h  dust attached t o  the craf-c a f t e r  i t s  iaunch. It i s  'itis0 

possible  tha t  they are  pulled from the c r a f t ' s  outer layer  by rad ia t ion ,  aerodynamic 

currents ,  or micrometeorites. 

If  w e  s t i l l  cannot decide on t h e i r  physical  nature,  it i s  possible t h a t  they 

a re  responsible for t he  breakdown of automatic astronavigation equipment. 

5 .  Photographic Observations of the  Earth 's  Cloud Cover 

S t a t i s t i c a l  analysis of results, for various types of clouds, a t  t he  periphery 

of an anticyclone i s  given by Table I, where the  d i f fe ren t  l i n e s  a re  successively 

r e l a t i v e  t o :  

1, surface over waters f r e e  of cloud cover. 

l i g h t  neb uloc$ 
Alto-Cmuhs (Ac) .  

heavy nebulosity.  
Alto-CumUlus and Cumulus (Ac, CU) . 

The d i f f e ren t  columns are  defined by the  following formulas: 

m ( x )  = L E  
n 

where Xi = br i l l i ance  of the  first point of t he  cloud 
n n- 1 i f i e ld ;  

n = number of points of b r i l l i ance ;  

Other da ta  are:  dispersion D ( x )  of the b r i l l i ance ;  assymetry ~ ( x )  of 

b r i l l i ance ;  b r i l l i a n c e  excess g2(x) and m ( q a  ), average duration of passing of 

4 ce r t a in  leve ls  by b r i l l i a n c e .  



Results are given i n  r e l a t i v e  uni ts  (related t o  t h e  b r i l l i a n c e  logarithms). 

Analysis of r e s u l t s  shows t h a t  most+characteristics s t a t i s t i c a l  depend 

on cloud abundance. 

TABLE I 

I .? - __I 
Relative units 

Table I1 gives t h e  same s t a t i 5 t i c a l  parameters t o  t h e  p e r i p h e q  of. a cyclone: 

first line weak nebulosity ( Ac 

heavy nebulosity 
Cirrus ( C i )  

see nd 

heavy nebulosity 
Alto-Cumulus (Ac) t h i r d  

heavy nebulosity 
Ac and C i .  four th  

It can be seen, f o r  example, tha t  average b r i l l i a n c e  and b r i l l i a n c e  dispersion 

of a heavy nebulosity of t h e  Cirrus type is c l ea r ly  deakot. than corresponding 

parameters for Ac. 

Normed functions of cor re la t ion  of b r i l l i a n c e  can be considered purely 

exponential ( f i g s .  I1 and 13); so l id  t;ncFs , absence of nebubs i ty ;  

d c < L e s  , w e a k  nebulosity(Ac); mixed, heavy nebulosity (Ac,  Cu)/ 
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k m s .  %% Relative un i t s  

For a weak abun&ince of clouds, the average dimension of heterogeneities 

of b r i l l i a n c e  f i e l d  is  of t h e  order of 8-9 ~rm, f o r  great am"ixits 1n-7v IL 11. 

Figure 14 corresponds t o  l l a ,  cloud cover at t he  periphery of an anti- 

cyclone. 

Figures 10 and 11 show t h a t  t h e  separation l a w  i n  one dimension i s  never 

normal. Excess of b r i l l i a n c e  i s  posi t ive f o r  anwater surface uncovered and 

f o r  l i g h t  nebulosity.  

&----- .~ __^_ 
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